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7KHDYDLODELOLW\RIUHDOWLPHLQIRUPDWLRQRQVRPHRUDOORIWKHVHSDUDPHWHUVZLOODVVLVWLQWKHFRQWURO
RIFRDOSUHSDUDWLRQSURFHVVHV WRPHHW VSHFLILFDWLRQVDQG WRRSWLPL]HRSHUDWLRQV LQ WHUPVRIFRVW DQG
TXDOLW\DQGDOORZWKHFRQILUPDWLRQRIFRQVLJQPHQWTXDOLW\EHIRUHGLVSDWFKWRWKHFXVWRPHU>@
7KH FODVVLFDOPHWKRGV RI DVVHVVLQJ FRDO TXDOLW\ E\ VDPSOLQJ SUHSDUDWLRQ DQG ODERUDWRU\ DQDO\VLV
WDNHDWOHDVWKRXUVDQGRIWHQKRXUVWRFRPSOHWHDQGFRQVHTXHQWO\DUHRIOLWWOHXVHIRUSODQWFRQWURO
SXUSRVHV RU SUHGLVSDWFKTXDOLW\ FRQILUPDWLRQ&RQWLQXRXV FRDO TXDOLW\PRQLWRUV SDUWLFXODUO\ IRU DVK
FRQWHQWKDYHEHHQXQGHUGHYHORSPHQWDQG LQXVH IRU\HDUVEXWXQWLO UHFHQWO\FRQVHTXHQWO\ WKH\
RIWHQ UHTXLUHG D FRQVLGHUDEOH DPRXQW RI H[SHQVLYH DX[LOLDU\ HTXLSPHQW IRU VDPSOH FRQGLWLRQLQJ DQG
ZHUHSURQHWRKDQGOLQJSUREOHPVZLWKPDQ\SURGXFWV>@
7KH DERYH SUREOHPV FDQ EH ODUJHO\ RYHUFRPH E\ PDNLQJ WKH QHFHVVDU\ PHDVXUHPHQWV ZLWK
VXIILFLHQW DFFXUDF\ GLUHFWO\ RQ WKH SURGXFW FRQYH\RU EHOW :RUN RQ WKH GHYHORSPHQW RI VXLWDEOH
PHWKRGV DQG LQVWUXPHQWDWLRQ LV RQJRLQJ LQ D QXPEHU RI FRXQWULHV DQG VRPH FRPPHUFLDOO\ SURGXFHG
HTXLSPHQWZKLFKDUHDOUHDG\LQWKHPDUNHWDSSHDUHGRQWKHPDUNHW+RZHYHUUHSRUWHGUHYLHZRQWKH
DSSOLFDWLRQRIVXFKWHFKQLTXHVLVIDLUO\OLPLWHGRUFRQILQHGWRVSHFLILFDUHDVRILQWHUHVW>@
,WLVDOVRUHDOL]HGWKDWLQVRPHFLUFXPVWDQFHVWKHQDWXUHRIWKHSURGXFWWKHGHVLJQDQGOD\RXWRID
SODQW DQG D SRVVLEOH UHTXLUHPHQW IRU PRUH DFFXUDWH PHDVXUHPHQWV WKDQ DUH REWDLQDEOH IURP RQEHOW
PHDVXUHPHQWV FRXOGPDNH D VXEVWUHDPPRQLWRULQJ V\VWHP DPRUH VXLWDEOH RSWLRQ ,Q WKLV SDSHU WKH
FRPSDULVRQLQVXFKGLIIHUHQWPHWKRGVDUHSUHVHQWHG
&RDODVKPRQLWRU
2.1. Brief description 
$FRDOSUHSDUDWLRQSODQW&33LVDIDFLOLW\WKDWZDVKHVFRDORIVRLODQGURFNFUXVKHVLWLQWRJUDGHG
VL]HGFKXQNVVRUWLQJVWRFNSLOHVJUDGHVSUHSDULQJLW IRUWUDQVSRUW WRPDUNHWDQGPRUHRIWHQDOVRORDGV
FRDO LQWR UDLO FDUV EDUJHV RU VKLSV $ &33 PD\ DOVR EH FDOOHG DFRDO KDQGOLQJ DQG SUHSDUDWLRQ
SODQW&+33FRDOKDQGOLQJSODQWRUZDVKSODQW7KHPRUHRIZDVWHPDWHULDOWKDWFDQEHUHPRYHGIURP
FRDOWKHORZHULWVWRWDODVKFRQWHQWWKHJUHDWHULWVPDUNHWYDOXHDQGWKHORZHULWVWUDQVSRUWDWLRQFRVWV
(UURU5HIHUHQFHVRXUFHQRWIRXQGVKRZVWKHPDWHULDOIORZGLDJUDPLQWKHFRDOZDVKHUV>@
7KHPHDVXUHPHQWPHWKRG HYDOXDWHV WKH FRDO QRQFRPEXVWLRQ FRQWHQW DFFRUGLQJ WR GLIIHUHQFHV RI
DWWHQXDWLRQ RI WZR JDPPD EHDPV RI GLIIHUHQW HQHUJ\ OHYHOV SDVVLQJ WKURXJK WKH FRDO 7KH PHWKRG
IXOILOOVDOOFRPPRQUHJXODWLRQVLQUHODWLRQWRVDIHW\DQGKHDOWKSURWHFWLRQ7KHGHWHFWLRQVWDJHLVSODFHG
RQVXSSRUWLQJIUDPHLQVWDOOHGRQWKHFRQYH\HUEHOWLQSODFHRIPHDVXUHPHQW,WFRQWDLQVWZRUDGLDWLRQ
VRXUFHVLQSURWHFWLQJFRQWDLQHUSODFHGXQGHUWKHEHOWUDGLDWLRQGHWHFWRUVWDJHLVIRFXVHGRQPD[LPXP
UHOLDELOLW\DQGVDIHW\>@7KHPHDVXUHPHQWUDGLDWLRQEHDPLVGLUHFWHGWKURXJKFRQYH\HUEHOWZKLOHWKH
SUHVHQFH RI SHUVRQV QHDUE\ WKH GHYLFH LV QRW OLPLWHG DQ\ZD\ 7KH FRQWURO VWUDWHJ\ SURYLGHG XVHU
IULHQGO\RSHUDWLRQDOLQWHUIDFHZLWKGLVSOD\LQJWKHGDWDRQWKHWRXFKVFUHHQSDQHO7KHFRQWUROVWDJHFDQ
EHLQVWDOOHGGLUHFWO\LQRSHUDWRUZRUNSODFH,QVLGHWKHFRQWUROVWDJHER[WKHUHDUHDFFHVVLEOHWHUPLQDOV
IRUFRQQHFWLRQRIFRPPXQLFDWLRQ LQWHUIDFHDQGRWKHUDQDORJRUGLJLWDO LQSXWVRXWSXWV >@7KH&$0
FRQWUROV WKHFRDOTXDOLW\FRPLQJ IURP WKHPLQHDQG LPSURYHV WKHSUHSDUDWLRQSODQW¶V HIILFLHQF\)RU
%XON :HLJKLQJ DQG 0RQLWRULQJ WKLV WHFKQRORJ\ RIIHU D YDULHW\ RI EXON ZHLJKLQJ DQG PRQLWRULQJ
HTXLSPHQW IRU WKH FRDO LQGXVWU\ IURP FRQYH\RU SURWHFWLRQ VZLWFKHV EHOW VFDOH V\VWHPV DQG PHWDO
GHWHFWRUVWRFRQWLQXRXVOHYHOPHDVXUHPHQWLQFRDOVWRUDJH
7R HQKDQFH WKH RSHUDWLRQDO VDIHW\ DQG SURFHVV FRQWURO ZLWK FRQYH\RU EHOW DFFHVVRULHV LW LV
UHFRPPHQGHG WR HPSOR\ WKH FRQYH\RU EHOW WHFKQRORJ\ ZLWK SXOO FRUGV VSHHG VZLWFKHV DQG
PLVDOLJQPHQWVZLWFKHV8WLOL]LQJFKXWHSOXJVZLWFKHVIRUSRLQWOHYHOLQGLFDWRUVWRGHWHFWZKHQPDWHULDO
UHDFKHVRUFOHDUVDSUHVHWORFDWLRQURWDWHRUWLOWFDSDFLWDQFHFKXWHSOXJVZLWFKHVRUPLFURZDYHFKXWH
SOXJVZLWFKHVWRPRQLWRUFKXWHVDQGKRSSHUVWKURXJKRXWWKHRSHUDWLRQVUHVXOWVLQPRUHVDIHW\UHOLDEOH
RSHUDWLRQHWF>@

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)LJ0DWHULDO)ORZ'LDJUDP&RDO:DVKHU\
2.2. Principle
&RDOLVPDGHXSRIUHODWLYHO\ ORZDWRPLFQXPEHU	RUJDQLFFRQVWLWXHQWVWKHHOHPHQWVRI&DUERQ
+\GURJHQ2[\JHQ1LWURJHQ	PLQHUDOPDWWHUZKLFKDIWHUFRPEXVWLRQSURGXFHVWKHDVK$VKLVPDGH
XSRIUHODWLYHO\KLJKDWRPLFQXPEHUFRPSRXQGV6L2$O2)H2&DR7LRHWF7KHZHLJKWIUDFWLRQ
RIDVKUHVLGXHLVFORVHO\FRUUHODWHGZLWKWKHZHLJKWIUDFWLRQRIPLQHUDOPDWWHU
/(77HFKQLTXHHPSOR\VWZRJDPPDVRXUFHVWKH\DUH$P	&V	WKHVHVRXUFHVDUHKRXVHG
LQ D OHDG FRQWDLQHUZLWK QDUURZ EHDP FROOLPDWLRQ XS WR JDPPD UD\ HQHUJ\ .HY WKH WRWDOPDVV
DEVRUSWLRQ FRHIILFLHQW RI  FRDO  FRQWDLQV D VLJQLILFDQW TXDQWLW\ RI PDF RI KLJKHU DWRPLF QXPEHU
HOHPHQWVGXHWRWKHSKRWRHOHFWULFDEVRUSWLRQ$VDUHVXOWPDFRIFRDOLVUHODWHGWRWKHZHLJKWIUDFWLRQ
RIPLQHUDOV LHDVKSUHVHQW LQ WKHFRDO)RUJDPPDUD\VJUHDWHU WKDQ.HY WKH WRWDOPDFRIFRDO
YDULHV YHU\ OLWWOHZLWK DVK FRQWHQW >@+HQFHPDF RI FRDO DW WKHVH HQHUJLHV LV DVVXPHG DV FRQVWDQW
ZKHQQDUURZEHDPRIPRQRHQHUJHWLFJDPPDUD\VSDVVHVWKURXJKOD\HURIFRDOWKLFNQHVV[	GHQVLW\
3
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)LJ6FKHPDWLF'LDJUDP&RDO$VK0RQLWRULQJ6\VWHP
6\VWHPGHVFULSWLRQ
(UURU5HIHUHQFH VRXUFH QRW IRXQG6KRZV VFKHPDWLFGLDJUDPRI&$0V\VWHPZKLFKHPSOR\V
ORZHQHUJ\JDPPDUD\WUDQVPLVVLRQWHFKQLTXH&IUDPHPHDVXULQJKHDG ORZHU OLPEKRXVHVVRXUFH
KROGHU DQG WRS OLPEKRXVHV WKHGHWHFWRU&& IUDPH LVPRXQWHGRQ WKH FRQYH\RU	RXWSXW IURP WKH
GHWHFWRU LV WUDQVPLWWHG WR WKH FRQWURO XQLW IRU FRPSXWDWLRQRI DVK >@(UURU5HIHUHQFH VRXUFH QRW
IRXQGLOOXVWUDWHVWKHFRQWUROURRPPRQLWRULQJRIWKHV\VWHP
&$0FRPSULVHVRIIROORZLQJVXEV\VWHPV
D C-Frame:&)UDPHLVGHVLJQHGWRNHHSGHWHFWRUDQGWKHVRXUFHKROGHUDOPRVWLQWKHFHQWHURI
WKH EHOW &)UDPH LV IL[HG WR YHUWLFDO VXSSRUW VXFK WKDW LW FDQ IUHHO\PRYH IURP RIIOLQH WR
RQOLQHDQGEDFNGHSHQGLQJRQUHTXLUHPHQW
E Source Holder: 6RXUFH KROGHU FRQWDLQV WZR VRXUFHV QDPHO\ $P  ZLWK DQ DFWLYLW\ RI
PFL	&VZLWKDQDFWLYLW\RIPFLNHSWLQSHQFLO/HDGILOOHGF\OLQGHUZLWKQDUURZ
EHDPFROOLPDWRUDUHSURYLGHGLQIURQWRIVRXUFHSHQFLO+DQGOHLVSURYLGHGWRURWDWHWKHOHDG
ILOOHGF\OLQGHUIRUHQDEOLQJWKHVRXUFHEHDPFORVHDQGRSHQ
F Detector Assembly:$WWKHHQGRIWKHWRSOLPEFRQWDLQVVFLQWLOODWLRQGHWHFWRULQWHJUDODVVHPEO\
RIFU\VWDOSKRWRPXOWLSOLHUSUHDPSOLILHU	DKHDWHU7KHGHWHFWRULQWHJUDOLVPRXQWHGRQWKH
URXQG FRQQHFWRU	 UHTXLUHG UHVLVWRU QHWZRUN IRU WKH GHWHFWRU G\QRGHV DUHPRXQWHG RQ WKH
FRQQHFWRU2XWSXWRI WKHGHWHFWRU LVGHFRXSOHGIURP'&DQG$&VLJQDO LVFRQQHFWHG WRSUH
DPSOLILHU$PSOLILHGRXWSXWVLJQDO LV WHUPLQDWHGRQD%1&FRQQHFWRUXQLWYLDFRD[LDOFDEOH
7KHJDPPDUD\VHPHUJHGIURPORZHQHUJ\VRXUFH$P	&VSDVVHVWKURXJKWKHEHOW
DQG FRDO EXUGHQ DUH GHWHFWHG E\ WKH GHWHFWRU $V 6' LV D SURSRUWLRQDO FRXQWHU LW FRQYHUWV
JDPPDUD\VLQWRSXOVHVRIDPSOLILHUDQGWKLVVLJQDOLVDPSOLILHGLQSUHDPSOLILHUSXOVHKHLJKW
DQDO\VLVLVWREHFDUULHGRXWVRFDUHLVWDNHQWRPDLQWDLQWKHSXOVHVKDSH

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)LJ&RQWURO5RRP±&RDO$VK0RQLWRULQJ6\VWHP
G Actuator: 7R FRQWURO WKLV GULYHV WKH &IUDPH DQG LV HLWKHU D GRXEOH DFWLQJ SQHXPDWLF RU
K\GUDXOLFF\OLQGHURUDOLQHDUHOHFWULFDFWXDWRUGHSHQGLQJRQWKHVHUYLFHVDYDLODEOHRQVLWH7KLV
LV PRWRU GULYHQ DFWXDWRU 7R PDLQWDLQ WKH &)UDPH SRVLWLRQLQJ DFFXUDF\ WKH VSHHG RI WKH
DFWXDWRU LV OLPLWHG WRPPVHF7KHDFWXDWRURSHUDWHVRQSKDVHVXSSO\1HFHVVDU\ WKHUPDO
FXWRXWDQGSUR[LPLW\VZLWFKHVDUHSURYLGHGIRUVDIHIXQFWLRQRIDFWXDWRU
H Junction boxes: 7ZR MXQFWLRQ ER[HV DUH SURYLGHG RQ&)UDPH VXSSRUW VWDQG -% SURYLGH
UHOD\ORJLFUHTXLUHGWRGULYHWKHDFWXDWRUPDQXDOO\IURPORFDORUSURYLGHGLQ-%+HUHUHOD\V
DQGFRQWDFWRUVZRUNRQ'&-%'HWHFWRUDVVHPEO\LVKRXVHGLQDWHPSHUDWXUHFRQWUROOHG
RYHQ WRDYRLGGULIW LQ WKHGHWHFWRURXWSXWGXH WR WHPSHUDWXUH7KH WKHUPLVWRU LV LQ WKHRYHQ
7KHFRQWUROOHGFLUFXLW	97)DUHKRXVHGLQ-%
I Control Electronics: 7KH FRQWURO XQLW LV KRXVHG LQ P VFDOH	 WKLV FXELFOH KRXVHV VHUYR
VWDELOL]HUVFRROLQJIDQV1,0VWDQGDUGSURFHVVLQJHOHFWURQLFVDQG,QGXVWULDOJUDGHLQWHJUDO3&
DQGGRWPDWUL[SULQWHU$OOWKHLQFRPLQJFDEOHVDUHEURXJKWLQWKURXJKWKHFDEOHFRQGXLWDWWKH
ERWWRPRIWKHFXELFOHDQGWHUPLQDWHGRQWKHWHUPLQDOEORFNSURYLGHG&$0XQLWDQGPHDVXULQJ
&)UDPHVKRXOGEHLQVWDOOHGDWWKHPD[LPXPGLVWDQFHRIP,IWKHGLVWDQFHEHWZHHQWKH
SODQW FRQWURO URRP DQGPHDVXULQJ SRLQW LV PRUH WKDQ P &8 VKRXOG EH LQVWDOOHG LQ D
VHSDUDWHURRPQHDUWKHPHDVXULQJXQLW>@
J Process Electronics:$ORZYROWDJHSRZHUVXSSO\LVPRXQWHGRQWKHUHDUVLGHRIWKH1,0%LQ
7KHUHTXLUHGUHJXODWHG'&ORZYROWDJHVOLNHYYY'&DUHJHQHUDWHGLQWKH36	DUH
WHUPLQDWHGRQWKHSRZHUFRQQHFWRUVLQ1,0%LQZKLFKDOVRFRQWDLQVPRGXOHVRIKLJKYROWDJH
XQLW+91DVSHFWURVFRSLFDPSOLILHU
K Spectroscopic Amplifier:7KLVDPSOLILHULVVSHFLDOO\GHVLJQHGWRWKHDSSOLFDWLRQVZKHUHSXOVH
VKDSH LV WREHPDLQWDLQHGRYHUDZLGHIUHTXHQF\UDQJH 7KHUHTXLUHGJDLQDQGVKDSLQJ WLPH
FDQ EH DGMXVWHGZLWK IURQW SDQHO NQREV 7KH  RXWSXW RI WKH GHWHFWRU LV D QHJDWLYH SXOVH	
VKDSLQJWLPHVHOHFWHGLVPLFURVHFRQG7KHXQLSRODURXWSXWLVFRQQHFWHGWR$'&LQSXWDQG
VSHFLDOIHDWXUHOLNHEDVHOLQHUHVWRUHUDQGSROH]HURFDQFHOODWLRQHQDEOHWKHDPSOLILHUWRZRUNDW
KLJKHUIUHTXHQFLHV(UURU5HIHUHQFH VRXUFHQRW IRXQG VKRZVWKH ORZHQHUJ\JDPPDUD\V
GHWHFWLRQ
L Analog to digital Converter:7KHVLQJOHELW$'&LVD$'FRQYHUWHUZKLFKGHWHFWVWKH
SHDNDPSOLWXGHRIHDFKSXOVHDQGFRQYHUWVLQWRGLJLWDORXWSXWZLWKGLJLWL]LQJUDWHRI0+]
,QSXWWRYLVFRQYHUWHGWRNELQDU\RXWSXW
&RPSDULVRQRIGLIIHUHQWPHWKRGV
D Dual Energy Gamma Rays Transmission: 7KH GXDO HQHUJ\ JDPPDUD\ WUDQVPLVVLRQ
WHFKQLTXHV DUH XVHG GLUHFWO\ RQOLQH RQ WKH FRQYH\RU KDYH IDVW UHVSRQVH WLPH DQG DUH
HVVHQWLDOO\LQGHSHQGHQWRIWKHWKLFNQHVVRIFRDORQWKHEHOW7KLVWHFKQLTXHVHHPVSUHIHUDEOHWR
WKH ORZHQHUJ\JDPPDUD\EDFNVFDWWHU WHFKQLTXHVXVHGRQOLQHRURQD VDPSOHE\OLQH7KH
HUURUV LQDVKGHWHUPLQDWLRQGXH WRYDULDWLRQVRIFRPSRVLWLRQRI WKHDVKDUH WKHVDPHIRU WKH
WKUHHJDPPDUD\WHFKQLTXHVDQGVRWKHDGYDQWDJHRIGLUHFWRQOLQHXVHLVWKHSULQFLSDOIDFWRU
LQVHOHFWLRQRI WKHGXDOHQHUJ\ WHFKQLTXH7KHGXDOHQHUJ\JDPPD±UD\ WUDQVPLVVLRQXWLOL]HV
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WZRVRXUFHVRIHQHUJ\$PHULFLXPDORZHQHUJ\VRXUFHDQGFHVLXPDKLJKHQHUJ\
VRXUFH>@
$ FROOLPDWHG EHDP RI GXHO HQHUJ\ UDGLDWLRQ LV HPLWWHG IURP WKH VRXUFHV PRXQWHG
XQGHU WKH EHOW FRQYH\RU WKURXJK WKH FRDO WR D GHWHFWRU PRXQWHG DERYH WKH FRDO RQ WKH
FRQYH\RU %RWK WKH LQWHQVLW\ RI $P DQG &V GHSHQG RQ WKH PDVV SHU XQLW DUHD RI
FRDO 7KH LQWHQVLW\ RI WKH ORZ HQHUJ\$P KRZHYHU DOVR GHSHQGV RQ WKH WRWDO DWRPLF
QXPEHURIWKHFRDOZKLFKYDULHVLQSURSRUWLRQWRWKHDPRXQWRIDVKLQFRDO
E Neutron and Gamma-Ray Transmission: $ IDVW QHXWURQ DQG JDPPDUD\ WUDQVPLVVLRQ
WHFKQLTXH LV EHLQJ GHYHORSHG IRU WKH RQOLQH DQDO\VLV RI PRLVWXUH LQ FRDO DQG FRNH 7KH
WHFKQLTXH XWLOL]HV&I DQG&V VRXUFHV DQG+H DQG 1D, 7O GHWHFWRUV 7KH IDYRUHG
WHFKQLTXH XVHV D WKLFN /LJODVV GHWHFWRU VXUURXQGHG E\ D QHXWURQ PRGHUDWRU WR GHWHUPLQH
VLPXOWDQHRXVO\ WKH IDVW QHXWURQ DQG ȖUD\ LQWHQVLWLHV7KH WUDQVPLVVLRQ WHFKQLTXH LV DSSOLHG
XVLQJDQDUURZFROOLPDWHGEHDPUHDFWRUQHXWURQVDQGJDPPDUD\V7KHQHXWURQVDQGJDPPD
UD\V WUDQVPLWWHG WKURXJK WKHREMHFWVXQGHU LQVSHFWLRQZHUHPHDVXUHGE\PHDQVRIDQHXWURQ
JDPPDGHWHFWRUZLWK1(OLTXLGRUJDQLFVFLQWLOODWRU7KHXQGHVLUHGSXOVHVRIQHXWURQVRU
JDPPDUD\VDUH UHMHFWHG IURP WKH WUDQVPLWWHGEHDPE\DGLVFULPLQDWLRQ WHFKQLTXHEDVHGRQ
WKHGLIIHUHQFHLQ WKHGHFD\SDFWRI OLJKWSXOVHSURGXFHGE\UHFRLOHOHFWURQVRUUHFRLOSURWRQV
>@
F Pair Production: 7KH SDLU SURGXFWLRQ 33 DVK JDXJH GHSHQGV RQ GHWHUPLQDWLRQV RI WKH
LQWHQVLWLHV RI <UD\V EDFNVFDWWHUHG E\ WKH FRDO DQG UHVXOWLQJ IURP SDLU SURGXFWLRQ DQG
&RPSWRQ LQWHUDFWLRQV %RWK LQWHUDFWLRQV GHSHQG RQ WKH EXON GHQVLW\ RI WKH FRDO WKH SDLU
SURGXFWLRQ DOVR GHSHQGV RQ WKH HIIHFWLYH DWRPLF QXPEHU RI WKH FRDO 7KH LQWHQVLWLHV RI WKH
EDFNVFDWWHUHG<UD\V UHVXOWLQJ IURP WKH WZR LQWHUDFWLRQVDUH VHSDUDWHO\GHWHUPLQHGE\SXOVH
KHLJKWDQDO\VLVRIWKHRXWSXWIURPWKHVFLQWLOODWLRQGHWHFWRU7KHGHWHFWHG,QWHQVLWLHVDUHWKHQ
FRPELQHGWRJLYHWKHDVKFRQWHQW7KHPDLQDGYDQWDJHRIWKH33JDXJHRYHUWKH/(7JDXJHLV
WKDWLWLVOHVVVHQVLWLYHE\DERXWDIDFWRURIWRYDULDWLRQVLQDVKFRPSRVLWLRQ>@
G Low Energy Gamma Ray Transmission: 7KH /(7 JDXJH GHSHQGV RQ WKH GHWHUPLQDWLRQ RI
LQWHQVLWLHVRIQDUURZEHDPWUDQVPLVVLRQRIORZDQGKLJKHQHUJ\JDPPDUD\VWKURXJKFRDORQ
WKHFRQYH\RU%RWKLQWHQVLWLHVGHSHQGRQWKHZHLJKWSHUXQLWDUHDRIFRDOLQWKH<UD\EHDP
DQG WKH ORZ HQHUJ\ DOVR GHSHQGV RQ WKH HIIHFWLYH DWRPLF QXPEHU RI WKH FRDO 7KH GHWHFWHG
LQWHQVLWLHV DUH GHWHUPLQHG VHSDUDWHO\ E\ SXOVH KHLJKW DQDO\VLV RI RXWSXW SXOVHV IURP WKH
VFLQWLOODWLRQGHWHFWRUDQGWKHQFRPELQHGWRJLYHDQDVKFRQWHQWRIFRDOZKLFKLVLQGHSHQGHQW
RIWKHWKLFNQHVVDQGYHUWLFDOVHJUHJDWLRQRIFRDORQWKHEHOW7KHDGYDQWDJHVRIWKH/(7JDXJH
DUHWKDWFRDOLVPHDVXUHGGLUHFWO\RQWKHFRQYH\RUWKHPHDVXUHPHQWWLPHLVVKRUWDQGLWVFRVW
LVRQO\WZRWKLUGVWKDWRIWKHSDLUSURGXFWLRQJDXJH>@
H Neutron Activation Analysis: 1HXWURQ JHQHUDWRUV RU LVRWRSH VRXUFHV DUH OLNHO\ WR EH WKH
SUHIHUUHG VRXUFH RI QHXWURQV $ SULPDU\ UHTXLUHPHQW IRU D VXFFHVVIXO GHWHUPLQDWLRQ LV WKDW
JDPPDUD\V RI PHDVXUDEOH LQWHQVLW\ DUH JHQHUDWHG IURP WKH HOHPHQW RU HOHPHQWV WR EH
GHWHUPLQHGDQGWKDWQXFOHDURURWKHULQWHUIHUHQFHGRQRWGHJUDGHXQDFFHSWDEO\WKHTXDOLW\RI
WKH DQDO\WLFDO UHVXOWV :KLOH RIIOLQH DSSOLFDWLRQ PD\ RIIHU VRPH VFRSH IRU RSWLPL]LQJ WKH
DFWLYDWLRQSURFHGXUHSURFHVVPHDVXUHPHQWVSDUWLFXODUO\WKHQHHGWRSURGXFHUHVXOWVUDSLGO\
PD\ UHVWULFW WKH DFWXDO IOH[LELOLW\ DYDLODEOH 7KH WHFKQLTXHPXVW EH UHJDUGHG DVPDWXUH DQG
UHODWLYHO\ VWDEOH ZLWK FRXQWLQJ HTXLSPHQW DQG GDWD SURFHVVLQJ WHFKQLTXHV ZHOO GHYHORSHG
,VRWRSHVRXUFHVKDYH WKHDGYDQWDJHVRIVLPSOLFLW\DQG UHOLDELOLW\EXWDUHQRWDEOH WRSURYLGH
QHXWURQIOX[HVWKDWDUHDVKLJKDVWKRVHWKDWDUHDWWDLQDEOHZLWKWKHODUJHQHXWURQJHQHUDWRUV
7KH KLJK HQHUJ\ RI WKH QHXWURQV SURGXFHG E\ JHQHUDWRUV PDNLQJ XVH RI WKH UHDFWLRQ RI
GHXWHULXP ZLWK WULWLXP PD\ OHDG WR VHYHUDO GLIIHUHQW UHDFWLRQV ZLWK VRPH HOHPHQWV WKXV
RIIHULQJRSWLRQVIRU WKHGHWHUPLQDWLRQEXW WKH OLNHOLKRRGRI LQWHUIHUHQFH LVDOVRJUHDWHU2Q
OLQHDFWLYDWLRQDQDO\VLVRIPDWHULDOVRQFRQYH\RUV LVEDVHGRQXVHRID UDGLRLVRWRSHQHXWURQ
VRXUFHSODFHGFORVHWRWKHPRYLQJPDWHULDODQGXVXDOO\DVFLQWLOODWLRQGHWHFWRUPRXQWHGFORVH
WR WKHPRYLQJPDWHULDOEXWGRZQVWUHDPIURP WKH VRXUFH7KH UDGLRDFWLYLW\SURGXFHG LQ WKH
PDWHULDOPXVWKDYHDVKRUWKDOIDQGLQSUDFWLFHWRROLWWOHDFWLYLW\LVSURGXFHGLQPRVWFDVHVIRU
DFFXUDWHHOHPHQWDODQDO\VLVRQIDVWPRYLQJFRQYH\RUV

7DEOH&RPSDULVRQRIPHWKRGV
6U1R 7HFKQLTXH $SSOLFDWLRQV $GYDQWDJHV /LPLWDWLRQ
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
'XDO(QHUJ\JDPPD
UD\VWUDQVPLVVLRQRU
/RZHQHUJ\JDPPDUD\
EDFNVFDWWHU
$VKLQFRDORQFRQYH\RU
x &RDOLVPHDVXUHG
GLUHFWO\RQFRQYH\RU
x 0HDVXULQJWLPHLVVKRUW
x /HVVH[SHQVLYH
x 6HQVLWLYHWRVHJUHJDWLRQRI
FRDO
x 6L]HRIPDWHULDO

1HXWURQDQGJDPPDUD\
WUDQVPLVVLRQRU;5D\
VFDWWHU
$VKLQFRDODQGVROLGV
ZHLJKWIUDFWLRQLQ
VOXUULHV
x (OHPHQWVHOHFWLYH
PHDVXUHPHQW
x $ELOLW\WRPXOWL
OD\HUHG
x FRDO
x 0DWHULDOVL]H
x 0RUHVHQVLWLYHWRYROXPH
RIPDWHULDO
 1HXWURQ&DSWXUHJDPPDUD\V
0XOWLHOHPHQWDQDO\VLV
RIFRDO
x (OHPHQW
VHOHFWLYHPHDVXUHPHQW
x $ELOLW\WRPXOWLOD\HU
RIFRDO
x 0DWHULDOVL]H
 3DLU3URGXFWLRQ 2QOLQHDQDO\VLVRIFRDO
x /HVVVHQVLWLYHWR
YDULDWLRQLQDVK
FRPSRVLWLRQ
x 0RQLWRUV
PRLVWXUHFRQWHQWDOVR
x +LJKFRVW
x 0HDVXULQJWLPHLVPRUH
 1HXWURQ$FWLYDWLRQ
x 2QOLQHFRDODVK
PRQLWRULQJ
x 6WHHOSURFHVVLQJ
SODQWV
x $QDO\VHODUJHQRRI
HOHPHQWV
x /RZGHWHFWLRQOLPLWV
x 0RUHFRPSOH[
x ([SHQVLYH
 *DPPDUD\V
x 2QOLQHFRDODVK
PRQLWRULQJ
x &RDOPLQLQJ
PDQDJHPHQW
x (DVHRI
DWWDLQLQJH[SORVLRQ
SURRIVDIHW\
x (DVHRIPDLQWHQDQFH
x /RQJOLIH
x 0DWHULDOSURILOHHIIHFWVWKH
DFFXUDF\
x 0DQXDOFRUUHFWLRQUHTXLUHG
IRUKHDY\PDWHULDOV
 /RZHQHUJ\JDPPDUD\
x 2QOLQHFRDODVK
PRQLWRULQJ
x 5DZFRDOVRUWLQJ

x 2QOLQHPHDVXUHPHQW
x 1RQFRQWDFW
PHDVXUHPHQW
x 0HDVXUHPHQWRIODUJH
YROXPHVDPSOH
x 1RPDLQWHQDQFH
x 6XEMHFWHGWRVWRFKDVWLF
DQGQRQVWRFKDVWLFHIIHFWV
x 'HSHQGVRQW\SHV
RIJHRPHWU\
&RQFOXVLRQV
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